Hypothalamic proopiomelanocortin (POMC) neurons and their peptide products mediate important aspects of energy balance, analgesia, and reward. In addition to peptide products, there is evidence that POMC neurons can also express the amino acid transmitters GABA and glutamate, suggesting these neurons may acutely inhibit or activate downstream neurons. However, the release of amino acid transmitters from POMC neurons has not been thoroughly investigated in an intact system. In the present study, the light-activated cation channel channelrhodopsin-2 (ChR2) was used to selectively evoke transmitter release from POMC neurons. Whole-cell electrophysiologic recordings were made in brain slices taken from POMC-Cre transgenic mice that had been injected with a viral vector containing a floxed ChR2 sequence. Brief pulses of blue light depolarized POMC-ChR2 neurons and induced the release of GABA and glutamate onto unidentified neurons within the arcuate nucleus, as well as onto other POMC neurons. To determine whether the release of GABA and glutamate from POMC terminals can be readily modulated, opioid and GABA B receptor agonists were applied. Agonists for -and -, but not ␦-opioid receptors inhibited transmitter release from POMC neurons, as did the GABA B receptor agonist baclofen. This regulation indicates that opioids and GABA released from POMC neurons may act at presynaptic receptors on POMC terminals in an autoregulatory manner to limit continued transmission. The results show that, in addition to the relatively slow and long-lasting actions of peptides, POMC neurons can rapidly affect the activity of downstream neurons via GABA and glutamate release.
Introduction
Hypothalamic proopiomelanocortin (POMC) neurons are thought to exert their effects on energy balance, motivation, pain, and reward mainly through release of the mature POMC cleavage products ␣-MSH (␣-melanocyte-stimulating hormone) and ␤-endorphin (Coll, 2007; Bertolini et al., 2009; Hegadoren et al., 2009) . While these peptides are clearly important for proper function, classical amino acid transmitters may also play a significant role in POMC cell physiology (van den Pol, 2003; Meister, 2007) . Previous reports have shown both GABA and glutamate release from POMC cells that have formed recurrent synapses in primary culture (Hentges et al., 2004 (Hentges et al., , 2009 ). In addition, electron micrograph data has shown that POMC terminals make both symmetric and asymmetric synapses, suggesting both GABAergic and glutamatergic POMC terminals, respectively (Wang et al., 2001; Reyes et al., 2006) . However, glutamate release from POMC neurons in an intact circuit has not been demonstrated and some studies have failed to detect GABAergic markers in POMC neurons using immunohistochemical or transgenic approaches (Ovesjö et al., 2001; Vong et al., 2011) . A complete understanding of how POMC neurons affect the larger circuitry and behavior requires knowing the amino acid phenotype of these neurons. Thus, the present study was designed to determine whether POMC neurons release GABA and/or glutamate to affect neuronal activity in intact hypothalamic networks.
To examine transmitter release from POMC neuron terminals in an intact system, a combined optogenetics-electrophysiology approach was used. This approach is similar to that proposed for circuit mapping and functional studies (Petreanu et al., 2007; Atasoy et al., 2008; Kohl et al., 2011) . Cell type-specific expression of the light-gated ion channel channelrhodopsin-2 (ChR2) in POMC cells was used to excite POMC neurons as a population with light while recording from downstream neurons in slice preparations. With this method, amino acid transmitter release could be observed through native connections. The results show that both GABA and glutamate are released from POMC neurons onto downstream cells within the arcuate nucleus (ARC), indicating not only the phenotype of amino acid transmitter release, but also that POMC cells can terminate within the ARC. In addition, evoked transmitter currents could be dynamically modulated through G-protein-coupled receptor activation, suggesting physiological regulation of GABA and glutamate release from POMC neurons may be another regulatory component of the POMC neuron system.
Materials and Methods
Animals. Male and female transgenic mice expressing Cre recombinase specifically in POMC cells (POMC-Cre) were used for all experiments. Transgenic animals were produced by standard techniques (Xu et al., 2005a) and backcrossed Ͼ12 generations onto the C57BL/6 strain. Animals were 10 -12 weeks of age when electrophysiological experiments were conducted. Mice were housed under controlled temperature (22-24°C) and a constant 12 h light/dark cycle. Mice were fed standard rodent chow and tap water ad libitum. All experiments met United States Public Health Service guidelines with the approval of the Colorado State University Institutional Animal Care and Use Committee.
Viral gene transfer in vivo. POMC-Cre transgenic mice (8 weeks of age) were anesthetized with isoflurane and placed in a stereotaxic frame (David Kopf Instruments). A viral vector containing a floxed sequence for ChR2 with an mCherry tag [AAV2/9.EF1.dflox.hChR2(H134R)-mCherry.WPRE. hGH; obtained from the Penn Vector Core at the University of Pennsylvania School of Medicine, Philadelphia, PA] was unilaterally injected into the ARC of POMC-Cre mice. For each animal, a 300 nl injection (3.52Eϩ12 GC/ml) was made using a Hamilton syringe and the following coordinates from bregma: X, Ϫ0.27 mm; Y, Ϫ1.35 mm; Z, Ϫ6.14 mm. After microinjection, the wound was sutured, and animals were left to recover for a minimum of 14, but no longer than 28 d before experiments to ensure a high level of ChR2 expression.
Immunofluorescence. Eighteen days after AAV injection, mice were anesthetized and perfused transcardially with 4% paraformaldehyde, and brains were removed and postfixed as described previously (Hentges et al., 2009) . Sagittal brain slices (50 m) containing the ARC were prepared on a vibratome and were subsequently incubated in PBS with 3% normal goat serum and 0.3% Triton X-100. The POMC peptide adrenocorticotropin (ACTH) was detected using a rabbit anti-rat ACTH primary antibody (National Hormone and Peptide Program; 1:10,000; overnight at 4°C). Tissue was then washed in PBS and incubated with an Alexa Fluor 647-conjugated donkey anti-rabbit secondary antibody (Invitrogen; 1:400). ACTH immunoreactivity was visualized using a Zeiss 510 Meta laser-scanning confocal microscope based on the far-red fluor (633 nm excitation and 650 nm emission wavelengths), and ChR2-mCherry was visualized using 580 nm excitation and 600 nm emission filters. Colocalization of ACTH immunoreactivity and ChR2-mCherry expression was determined by counting the labeled cells in sections from two brains. Two investigators made independent counts of labeled cells in each brain to verify the results.
Electrophysiology. Sagittal brain slices containing the ARC were prepared as previously described (Pennock and Hentges, 2011) . Whole-cell voltage-clamp recordings were made at a temperature of 37°C with an internal recording solution containing the following (in mM): 57.5 KCl, 57.5 K-methyl sulfate, 20 NaCl, 1.5 MgCl 2 , 5 HEPES, 0.1 EGTA, 2 ATP, 0.5 GTP, 10 phosphocreatine, pH 7.3. Recording pipettes had a tip resistance of 1.5-2.2 M⍀ when filled with internal solution. Slices were maintained in artificial CSF (aCSF) containing the following (in mM): 126 NaCl, 2.5 KCl, 1.2 MgCl 2 , 2.4 CaCl 2 , 1.2 NaH 2 PO 4 , 21.4 NaHCO 3 , and 11.1 glucose (saturated with 95% O 2 and 5% CO 2 ). Whole-cell recordings were conducted through the use of an Axopatch 200B amplifier (Molecular Devices), and data were collected using AxographX software (Axograph) running on a Mac OS X operating system. POMC neurons expressing ChR2 were identified by the mCherry fluorophore expressed as a fusion protein on the channel. Cells were held at Ϫ60 mV for recording light-evoked postsynaptic currents (PSCs). When recording from unidentified cells within the ARC, the patched cells were within ϳ100 m of POMC-ChR2-expressing cells. Cells were excluded if the access resistance increased significantly from the initial access (6.04 Ϯ 1.17 M⍀ for unidentified cells, 4.6 Ϯ 0.75 M⍀ for ChR2-expressing POMC neurons, and 4.9 Ϯ 0.71 M⍀ for POMC neurons without ChR2). Postsynaptic currents were evoked using either a 25 or 100 ms blue light pulse delivered every 20 s to the slice from a mercury light source with a rapid shutter system (Lumen Pro 200; Prior Scientific). The light was adjusted to the minimum intensity required to evoke a consistent PSC, which was generally between 5 and 11 mW/mm 2 . PSCs were evoked for at least 5 min under baseline conditions to ensure a steady recording. PSCs were collected at 10 kHz and digitally filtered at 1 kHz. Data were analyzed by comparing an average of 3 min of baseline to an average of 2 min of steady-state response to drug. EPSCs and IPSCs were identified pharmacologically by blocking GABA A -mediated currents with bicuculline methiodide (BMI) (10 M; Tocris) or AMPA-and NMDA-mediated currents with 6,7-dinitroquinoxaline-2,3(1 H,4 H) (DNQX) (10 M; Sigma-Aldrich) and (ϩ)-MK-801 (15 M;Sigma-Aldrich). Representative recordings were plotted by minute, averaging the peak amplitude of three sweeps spaced 20 s apart.
Drugs ]enkephalin (DPDPE) (Bachem), bicuculline (Tocris Bioscience), [Met 5 
, and BMI were prepared with distilled water. All drugs were diluted to working concentrations in aCSF and applied via bath perfusion except (ϩ)-MK-801, which was applied to the collected slices before being moved to the recording chamber.
Data analysis. All data are presented as mean Ϯ SEM. Comparisons between groups were made using t tests. A value of p Ͻ 0.05 was considered a significant difference.
Results

Functional expression of ChR2 in POMC cells
The selective expression of ChR2 in POMC neurons was verified in slices prepared from POMC-Cre mice that had been injected with the viral vector containing the floxed ChR2-mCherry Ն2 weeks earlier. Approximately 88% of cells expressing ChR2-mCherry also displayed ACTH immunoreactivity (ACTH-IR). Cells expressing mCherry without detectable ACTH-IR most likely represent POMC neurons with low ACTH expression since previous reports show proper expression of POMC-Cre by other methods (Choudhury et al., 2005; Xu et al., 2005a,b) . Injection of the viral vector into the ARC of wild-type C57BL/6 mice yielded no detectable mCherry fluorescence (data not shown), indicating that expression is limited to cells that express Cre recombinase. Approximately 79% of ACTH-IR cells in the injected side of the ARC expressed mCherry (Fig. 1 A) . ChR2-mCherry was notable throughout the membranes of cell body and neuronal projections, indicating strong expression and widespread trafficking of the channel. These findings indicate specific targeting of strong ChR2 expression to POMC neurons.
Individual cells expressing high amounts of ChR2-mCherry were easily detected in live brain slices prepared from injected mice (Fig. 1 B) . POMC cells with ChR2 had similar basal wholecell properties as POMC neurons that do not express ChR2. The input resistance was 1.3 Ϯ 0.1 G⍀ in ChR2-positive cells versus 1.6 Ϯ 0.2 G⍀ in ChR2-negative POMC neurons (n ϭ 9; p ϭ 0.31). Whole-cell capacitance was also not different between ChR2-expressing and -nonexpressing POMC neurons (29 Ϯ 2.6 and 25.5 Ϯ 1.4 pF, respectively; n ϭ 9; p ϭ 0.24). Whole-cell voltage-clamp recordings made in POMC-ChR2 neurons indicate that ChR2 mediates an inward current in response to blue light (ϳ470 nm; Fig. 1C ). Peak and steady-state current responses were stereotypical of currents mediated by ChR2(H134R) (Lin et al., 2009 ). In current clamp, blue light depolarized POMC-ChR2 neurons by 12.4 Ϯ 1.7 mV (n ϭ 6; baseline membrane potential, Ϫ40 Ϯ 1.8 mV) and caused action potential firing (Fig. 1D ).
GABA and glutamate release from POMC neurons
Activation of POMC neurons via ChR2 was used to determine whether POMC cells release the amino acid transmitters glutamate and/or GABA in an intact neuronal network. Whole-cell voltage-clamp recordings were made in unidentified cells (not expressing detectable mCherry) in the ARC near POMC neurons. The unidentified cells had basal properties similar to POMC neurons (input resistance, 1.1 Ϯ 0.15 G⍀; capacitance, 23.3 Ϯ 1.54 pF; n ϭ 15; p Ͼ 0.05 for both properties compared with POMC neurons with or without ChR2). The likelihood that a pulse of light evoked neurotransmitter release from POMC-ChR2 cells varied from 50 to ϳ8% depending on the accuracy of the injection and the number of neurons expressing ChR2. When light pulses evoked transmitter release from POMC terminals, the currents in the postsynaptic cell were mediated by both GABA A and AMPA receptors, indicating GABA and glutamate release from POMC neurons. Light-evoked IPSCs were recorded in the presence of the AMPA receptor blocker DNQX (10 M) (Fig. 2 Ai) and were completely inhibited by the GABA A receptor antagonist BMI (10 M) (Fig. 2 Aii) . Upon washout of BMI, the current returned (Fig. 2 Aiii) . Reversing the order of antagonist application showed the glutamatergic nature of some light-evoked currents. Currents evoked in the presence of BMI (Fig. 2 Bi) were blocked by the addition of DNQX to the bath (Fig.  2 Bii) and returned upon washout of DNQX (Fig. 2 Biii) . In the presence of BMI, the onset of evoked currents was often substantially delayed from the initial light stimulus (as seen in Fig. 2 B) , which may indicate a polysynaptic response. However, direct innervation was indicated in some instances, including where a brief light pulse evoked PSCs that were abolished only when both GABA A and AMPA receptors were blocked (Fig. 2Ci-Civ) . Together, when a light-evoked PSC was detected in a non-POMC cell, it was most often GABAergic in nature (27 of 39 cells showed GABA-mediated PSCs) (Fig. 2 D) . Glutamate-mediated PSCs accounted for 23% of the PSCs observed (9 of 39 PSCs), and 3 cells appeared to receive input from both GABAergic and glutamatergic POMC cells (Fig. 2D) .
The majority of light-evoked PSC recordings were made in non-POMC neurons, since the direct inward current carried through ChR2 can obscure the current induced by GABA or glutamate release. However, some POMC cells expressing ChR2 displayed both a direct ChR2-mediated inward current and a slightly delayed lightevoked GABA-mediated IPSC (n ϭ 4; Fig. 2E ). This result indicates that POMC neurons can innervate one another.
All light-evoked currents in cells downstream of POMC neurons could be completely blocked by BMI and/or DNQX, indicating that GABA and glutamate were the only transmitters being released in response to the acute depolarization of POMC neurons. The light-evoked release of transmitter from POMC neurons appears to be dependent on action potential propagation and not direct stimulation of terminal release based on the observation that the addition of tetrodotoxin (TTX) (1 M) completely abolished light-evoked PSCs (98.68 Ϯ 0.94% reduction; n ϭ 4; p Ͻ 0.001; Fig. 2F ).
Opioids inhibit neurotransmitter release from POMC terminals via and receptors
The ability of opioid receptor agonists to modulate the release of GABA and glutamate from POMC terminals was evaluated, since opioids reliably inhibit amino acid transmitter release from unidentified terminals within the ARC (Emmerson and Miller, 1999; Pennock and Hentges, 2011) . The -opioid receptor (MOR) and ␦-opioid receptor (DOR) agonist ME (10 M) caused a dramatic decrease in light-evoked IPSCs (72.46 Ϯ 4.00% reduction; n ϭ 9; p Ͻ 0.001; Fig. 3 A, B) and EPSCs (72.45 Ϯ 4.64% reduction; n ϭ 4; p Ͻ 0.001; Fig. 3C,D) . This reduction in current was readily reversed by washing out of drug (103.73 Ϯ 10.03% of baseline; n ϭ 5; p ϭ 0.73; Fig. 3C ) or by coapplying the MOR-selective antagonist CTAP (500 nM; 97.22 Ϯ 9.42% of baseline; n ϭ 8; p ϭ 0.74; Fig. 3A) .
The DOR-selective agonist DPDPE (100 nM) had no effect on PSC amplitude in any cell tested (100.12 Ϯ 3.41% of baseline; n ϭ 4; p ϭ 0.49), whereas the MOR-selective agonist DAMGO (10 M) reliably inhibited IPSC amplitude (72.70 Ϯ 7.80% reduction; n ϭ 4; p ϭ 0.001; Fig. 4 A, B) . The inhibition was reversed by CTAP (500 nM) (88.65 Ϯ 5.95% of baseline; n ϭ 4; p ϭ 0.15; Fig.  4 A) . Thus, but not ␦ receptor agonists can inhibit amino acid transmitter release from POMC neurons. nor-BNI (100 nM) reversed the inhibition (95.68 Ϯ 8.57% of baseline; n ϭ 6; p ϭ 0.64; Fig. 4C,D) . U69593 did not cause a significant outward current in the unidentified neurons that received POMC inputs (0.8 Ϯ 0.5 pA; p Ͼ 0.05 compared with baseline; n ϭ 6). Thus, KORs expressed in POMC neurons inhibit amino acid release from POMC neurons even though they do not mediate a detectable outward postsynaptic current in POMC neurons or neighboring unidentified neurons.
GABA B receptor activation inhibits transmitter release from POMC cells
In addition to opioid receptors, GABA B receptors can inhibit transmitter release from unidentified terminals in the ARC. To determine whether GABA B receptors could modulate transmitter release from POMC neuron terminals in particular, light-evoked release was monitored in the presence of the GABA B receptor agonist baclofen. Baclofen (30 M) caused a significant inhibition of light-evoked IPSCs in neurons downstream of POMC-ChR2 neurons (89.04 Ϯ 3.20% reduction; n ϭ 6; p Ͻ 0.001; Fig. 5 A, B) . In four cells, baclofen (30 M) completely ablated the light-evoked IPSC. Baclofen-induced inhibition of the IPSC was fully reversed by washout or by coapplying the GABA B receptor antagonist CGP 55845 (1 M) (92.44 Ϯ 4.19% of baseline; n ϭ 6; p ϭ 0.13). This result indicates that POMC neurons express GABA B receptors, and these receptors can inhibit presynaptic GABA release from POMC terminals.
Discussion
The results of the present study show that POMC neurons are not only peptidergic but release the classical amino acid transmitters GABA and glutamate. Considerable release of these transmitters occurs within the ARC and can be modulated dynamically by agents such as opioids and GABA. Although GABAergic and glutamatergic phenotypes had previously been suggested for POMC neurons based on immunolabeling and studies of transmitter release from cultured POMC neurons (Hentges et al., 2004 (Hentges et al., , 2009 Meister, 2007) , the finding that GABA and glutamate release can be evoked from POMC cells in live brain slices indicates that these transmitters are likely to play an important role in the intact circuitry.
Advantages of the optogenetic approach
The difficulty of determining transmitter phenotype in hypothalamic neurons using traditional means stems from (1) the fact that this structure lacks lamination precluding the use of paired recordings to detect released transmitters, and (2) the inability to directly detect GABA and glutamate reliably using immunohistochemical methods in this tightly packed heterogeneous brain region. The optogenetic approach used in the present study allows for the activation of an entire population of identified neurons, which greatly increases the likelihood of detecting -and -opioid receptors mediate inhibition of evoked release from POMC terminals. A, Plot of light-evoked IPSC amplitudes over time shows no effect of the DOR-selective agonist DPDPE (100 nM) and inhibition of IPSC amplitude by the MOR-selective agonist DAMGO (10 M). The DAMGO-induced inhibition is reversed by application of the MOR-specific antagonist CTAP (500 nM). B, Representative traces taken during control and agonist treatment. C, The specific KOR agonist U69593 (500 nM) inhibited evoked IPSC amplitude and was reversed by the addition of nor-BNI (100 nM). D, Representative traces taken during control conditions and during U69593 treatment.
transmitter release onto downstream target neurons. Using this approach, Atasoy et al. (2008) recently demonstrated that POMC neurons could release GABA onto neurons in the paraventricular nucleus. The present data show that POMC neurons can also release glutamate and that these neurons release both inhibitory and excitatory amino acid transmitters onto neurons within the arcuate nucleus. Thus, optogenetic activation of POMC neurons is a useful means of mapping distal projections and studying local innervation.
The use of combined optogenetic activation and electrophysiologic recording to detect transmitter release has many advantages over immunodetection and marker-based methods, including increased sensitivity and real-time assessment of release. Based on various labeling approaches, the amino acid phenotype of POMC neurons had been disputable. The inability to detect GABA immunoreactivity in POMC neurons (Ovesjö et al., 2001) , and the presence of glutamatergic markers in a small population of POMC neurons (Collin et al., 2003; Kiss et al., 2005) suggested that POMC neurons are not GABAergic. However, when the GAD67 promoter was used to drive expression of the green fluorescent protein in transgenic mice, labeling could be observed in a subpopulation of POMC neurons (Hentges et al., 2009; Yee et al., 2009) , suggesting that some POMC neurons may be GABAergic. In addition, approximately one-third of POMC neurons express GAD mRNA (Hentges et al., 2004) . The GABAergic nature of some POMC neurons was further indicated in studies showing evoked GABA release from POMC neurons in primary cultures (Hentges et al., 2004 (Hentges et al., , 2009 . Despite the evidence suggesting that POMC neurons can be either GABAergic or glutamatergic based on phenotypic markers and GABA and glutamate release from cultured POMC neurons (Hentges et al., 2009) , the ability of these neurons to release both transmitters in brain slices had not been demonstrated until the present study.
Interestingly, although the present data clearly show evoked GABA release from POMC terminals, a recent study failed to detect evidence of vesicular GABA transporter (vGAT) in POMC neurons using a vGAT-Cre mouse cross in a transgenic reporter system (Vong et al., 2011) . Vesicular GABA transporter is the only protein identified to date that packages inhibitory transmitters into vesicles (McIntire et al., 1997; Gasnier, 2004) . Whether the apparent lack of vGAT expression in POMC neurons is due to the transgenic expression system used, or reflects that very low levels of vGAT are sufficient to package GABA in POMC neurons remains to be determined. Nonetheless, the expression of GAD67-gfp (Hentges et al., 2009 ) and GAD mRNA (Hentges et al., 2009) in POMC neurons as well as the release of GABA from POMC neurons in culture (Hentges et al., 2004 (Hentges et al., , 2009 and in brain slices (Atasoy et al., 2008; present study) indicate that at least a subpopulation of POMC neurons is indeed GABAergic. Further studies are needed to determine whether POMC neurons release GABA in a vGAT-independent manner or if vGAT expression is too low to be readily detected. Either way, vGAT may not a reliable indicator of the GABAergic nature of POMC neurons.
GABA and glutamate release from POMC neurons is consistent with synaptic morphology
The present data localize a portion of POMC cell amino acid transmitter release to the ARC. The release of GABA is consistent with ultrastructural studies demonstrating POMC terminals make symmetrical (GABAergic) synapses onto neurons within the ARC (Chen and Pelletier, 1983; Kiss and Williams, 1983) . Asymmetrical (glutamatergic) POMC synapses within the ARC have not been described, although glutamate release was detected locally in the present study. The low percentage of PSCs that were mediated by glutamate and the relatively low number of POMC neurons expressing vGLUT2 (Vong et al., 2011) may explain why, morphologically, glutamatergic POMC terminals have not been observed in the ARC. Interestingly, POMC neurons have been shown to form both symmetrical and asymmetrical synapses onto neurons in distal target sites including the dorsal raphe nucleus (Wang et al., 2001 ) and the locus ceruleus (Reyes et al., 2006) . Thus, GABA and glutamate release from POMC neurons may be important for regulation both locally and at distal target sites.
Amino acid transmitters and energy homeostasis
The studies of amino acid transmitters in hypothalamic circuits to date indicate a significant contribution of these transmitters in the regulation of food intake and metabolism. For example, glutamate release from neurons in the ventromedial hypothalamus is an important step in preventing hypoglycemia (Tong et al., 2007) , the release of GABA from NPY/AGRP neurons in the ARC is also required for the normal regulation of energy balance (Tong et al., 2008) , and GABA release from NPY/AGRP neurons into the parabrachial nucleus prevents starvation (Wu et al., 2009) . It is likely that amino acid transmitters from POMC cells have important analogous functions, although perhaps with more diversity, given the release of both GABA and glutamate from POMC neurons.
Presynaptic regulation of transmitter release
In the present study, the ability of GABA B and opioid receptor agonists to regulate amino acid transmitter release from POMC neurons was demonstrated. These studies were undertaken primarily to determine whether amino acid release from POMC neurons could be dynamically modulated as would be expected if these transmitters play an important regulatory role. GABA B and opioid receptors were chosen, as both have been shown to po- tently modulate transmitter release from terminals within the hypothalamus (Mouginot et al., 1998; Emmerson and Miller, 1999; Pennock and Hentges, 2011) . Since transmitter release was evoked only from POMC neurons and inhibited by GABA B , MOR, and KORs, it is now clear that these receptors can inhibit release specifically from POMC terminals. The results raise the possibility that GABA and/or opioids released from POMC terminals could activate presynaptic receptors to inhibit further transmitter release.
Conclusion
The data collected here show that POMC neurons are not only peptidergic but release the classical amino acid transmitters GABA and glutamate. Release of these transmitters can be dynamically modulated by agents such as opioids and GABA. Thus, in addition to the roles attributed to peptides, POMC neurons can cause rapid inhibition or excitation of downstream neurons.
